SUPPLEMENTARY FILE S1. DETAILED METHODS BOMFLEUR ET AL. SUPPLEMENTARY FILE S1. DETAILED METHODS 2 Definition and coding of characters in the morphological matrix 12, 15, 16, 25, and 31 have been excluded from the analyses since they are either invariant within the current taxon set or not applicable to fossil taxa;
TAB. S1.1. The range of values and the results of the k-clustering for XSpPSt.
Category
"0" "1" "2" Minimum difference between categories k = 2 0.37-1.78 1.87-2.86 n/a 0.09 k = 3 0.37-1.27 1.40-1.91 2.12-2.86 0.13 Miller (1971) put strong emphasis on this character, which he classified into four character states ["in outer cortex to petiole base", "near boundary of inner and outer cortex", "in inner cortex", and "in stele" (the latter being a putative synapomorphy of subgenus Plenasium)]
weighted with distance values up to 10 in his analysis of all species (matrix I) and into three categories (weighted as 0, 0.5, and 1) in that of the Osmundacaulis kolbei line (matrix II). We argue that the character cannot be accurately determined enough to warrant the classification into that many categories; moreover, the scoring of Plenasium is problematic, since leaf traces in this subgenus arise from two protoxylem strands that initiate independently in two adjacent stem-xylem segments. Hence, we treat this character as being not applicable in Plenasium species (scored as "?"). completely parenchymatic; (1) parenchyma with sclerified outer layer. Analogous to the clustering approach as described in the scoring of character 10, we scored the number of leaf-traces visible in the inner (NLTIC, Formula 2) and outer cortex (NLTOC;
see Char. 20, Formula 3) divided by area. Following the results of the cluster analysis, the binary scoring provided the most distinct NLTIC cut-off values (Table S1 .2). The crosssectioned areas of the inner and outer cortex, respectively, were roughly estimated based on the maximum stele diameter and the thickness of inner cortex (see denominator in Formula 2), and additionally the maximum stem diameter (see denominator in Formula 3).
in which N(LT) max = maximum number of leaf-traces in either inner or outer cortex; (1) heterogeneous.
This character is based on observations of Hewitson (1962 ) and Miller (1967 , 1971 , Following the results of the cluster analysis, the binary scoring provided the most distinct NLTOC cut-off values (Table S1 .3). See character 18 for details.
TAB. S1.3. The range of values and the results of the k-clustering for NLTOC. Miller, 1971; Rothwell, 2002; Vera, 2008) ; fossil rhizomes that are superficially similar to those of modern Osmunda but that lack the heterogeneous sclerenchyma ring have been initially assigned to Osmundacaulis (Miller, 1971) and are currently accommodated in
Millerocaulis (Tidwell, 1986) or Ashicaulis (Tidwell, 1994; see Vera, 2008 , for a critical discussion of the genera).
The configuration of patches of particularly thick-walled fibres in the petiole sclerenchyma ring is highly diagnostic (Hewitson, 1962; Miller, 1967 Miller, , 1971 , and is scored in the four following characters. Miller used six different states in a single character to account for the complex configuration of the patches of thick-walled fibres (Miller, 1971: text- fig. 7 ) under the assumption that one type evolved from the other. However, the newly described Osmunda pulchella shows that similar patterns can result from different differentiation processes. We accommodated this by translating the development and upward differentiation of these patches into a series of four binary characters (characters 26-29; Fig. S1.1) . Alternatively, two ternary characters could be used; this, however, would lead to a lower resolution and less balanced weighting of the various types (Table S1 .4). For MP-BS analysis, 10,000 replicate trees were inferred using PAUP* with the following settings (Müller, 2005) . A single MP tree was inferred on each replicate matrix (option "MulTrees" deactivated) using heuristic search algorithm with option "AddSeq" set to 1,000,000 generations were computed in ten parallel runs with one (cold) Monte-Carlo
Markov chain each and allowing for parameter and topology swapping between runs following the recommendations in the manual for analysis with few taxa and characters. The topology of every 1000 th generation was sampled. Posterior probabilities take into account all sampled topologies from all ten runs saved for the first one, in total 10,000 sampled topologies. In contrast to molecular data sets, morphological data sets like the one used here converge directly to a plateau, why additional heated chains or high burn-in fractions are not needed (see folder Inferences/BI/OverviewRuns.xlsx). (2) to place the fossil taxa individually within the molecular framework of modern taxa using a probabilistic approach.
Root test. -The ingroup-only topology was used as reference tree and then the EPA was invoked to find the optimal placement of the outgroup sequences within the ingroup topology (-f v). Results are shown in main text, Figure 9 .
Independent optimization of the placement of fossils within the molecular framework. -EPA was invoked using three different weighting schemes. ML-based weights for each character were estimated by RAxML using 1000 replicates (-f u -# 1000) under the GTR+ and MK+ transition models using a molecular-based species-consensus ML tree as reference (files labelled …Moles… in folder Inferences). The use of species-consensus sequences was necessary since the molecular matrix of Metzgar et al. included several accessions for the same species exhibiting some intra-species variation. For one relatively recently described extant taxon, Todea papuana, the original description (Hennipman 1968) lacks information on the rhizome anatomy, hence, the taxon was excluded for EPA inferences (files labelled …MolesRed…). In addition to ML-defined weights, we also estimated MP-derived weights
